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Re: Ex Parte Presentation
In the Matter Advanced Television Systems and

Their Impact Upon the Existing Television
Broadcast Service;
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Dear Ms. Salas:

This letter notifies the Commission that Mr. Charles
Rhodes faxed the attached materials to Mr. Robert Bromery of the
Office of Engineering and Technology on February 4, 1%898. The
materials consist of an advance copy of Mr. Rhodes' April 10,
1998 column in IV Technology, addressing weighted noise power
calculations in each channel adjacent to a DTV channel where the

spectral power density is as permitted under the FCC's RF
emissions mask.

In accordance with the Commission's Rules, two copies
of this letter and the attachments are being filed with the
Secretary for inclusion in the public record of this proceeding.

Sincerely,

Thovae P Vo ey,

Thomas P. Van Wazer

Attachment

cc: Robert Bromery No. f"mmsrec'd OQL(

List 853770




2-4-1598 2:47PM FROM

Charles W. Rhodes
10105 Howell Drive
Upper Marlboro, Md. 20774
Tel: (301) 574 0214
Fax: (301) 574 1978
e-mail: charleswrhodes@worldnet.att.net

Feb 4, 1998

Mr, Robert Bromery
¢/0 FCC

By Telecopiet: (202) 418-1918
Dear Bob:

As you requested, I attach my article, published April
10,1997 in "TV TECHNOLOGY". This shows the total weighted noise
power in each channel adjacent to one carrying the DTV sx,_,,nal,
where the spectral power density of the sideband splatter is as
permitted by the RF Mask.

As you will see in Table 3, Upper Adj. Channel DTV into NTSC,
the weighted noise is 2.3 dB above Tov, while for Lower Adjacent
channel DTV into NTSC, Table 4 shows that the total weighted noise is
1.8 dB below Tov.

Hence there is a 4 dB difference in the weighted noise power
permitted by the RF Mask. This calculation is fully supported by the
difference in Tov reported by the ATTC:11.33 dB vs 7.33 dB.

I have calculated the weighting factor for "white noise™ using
the weightings vs frequency reported by the ATTC. This gives a
weighted noise power of 57.3 dB which is used in Tables 3 & 4. Carl
Eilers reported results within 1 dB of this value.

If I may be of any further assistance, please feel free to call me.
Cordially,

&

Charles W. Rhodes
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Calculating Weighted Noise

dering how one does weighted noise
measurements. Your wait is now
over. We will perform a samgle calculation

I ast month, we kft you hanging, won-

Digital TV_
by Cbarles W. Rbodes @

power deosily at each frequency. This is
given in Table 2.

‘The weighted noise power vs. frequency
in both adjacent chanpels is plotted in Fig.
2. As you see, there is niore weighi-

1ANC i Ll t e

Figure 1 ed power in n+] tham n-1. Looking
Te TR s g | OV in chammel n+1, this plot clearly
a ik, T pma S tam BN @ | shows that therc are two dominant
PR : peaks in the weighted spectial power
: density. one at 2.25 MHz and the
et - otber at the NTSC color subcarrier.
00 , The first peak is approximaicly 1
sool. HE MHz ubove the visual carrier fre-
o ! ; quency because the visnal carvier fre-
: 23 quency is noninally 6 dB down on
0.0} ; t the IF selectivity qusve. Signals at |
200 v . H MHz above the visual carrier fre-
a00f.. . / quency are given 6 dB morc gain in
i the IF amplifier of NTSC receivers.
"‘“H : At a baseband frequency of L
RULLSFCRE - MHz, the noise weighting is nil, so
PN ] %€ | i is the moat mvegﬁeqmy
e .
of the weighted noise power in the upper | 180 1 Proposed RF Magk Mkwaton vs.
adjacest channel btuedp::con e&pcrimc"m“;l Froumey ¥em GTV Chaned
results of the ATTC. Fig. 1 shows the spec- EMBD Ausngation i)
tral power density of the sideband splatter ‘:;g 35,32
, of an experimental setup at the ATTC com- 0.75 3508
: pare(! with the RFF mask (splatter imit pro- }% gg}‘?

in terms of visually perccived noise. This is
lumingnce noisc. Noise pear the color sub-
carrier js demodnlated to very Jow video
frequencies (below 500 kI1z), for which the
welghting factor is nil. This avcouats for
the secoud peak al the subcarrier, This

Apeil 10, 1887

power ix 10 Log 0.5/5.38 =- 10.3dB.

Thercfore in 500 kH2 the ERP is +14.7
dBk. Now from Table 2 we get the weight-
ing facvor for each 500 kHz portion of the
NTSC channe! asd apply that weighling to
the power per 500 kHz that the RF Mask
would permit in that channel. This is car-
ried out in Table 3.

The weighted Power in ¢Bk at cach
frequency must be numerically integrated,

noise is chroma noise,
which cannot be done with logarithmic

PEAK TO PEAK e

. - Taole 2. Wei Noise Powsr Spockal Densily we. Fraquanty In the
; 5—;""}‘“‘5 '48:';:' a ];i!» ° Ebm:u: m“m PmmdalglFM

, this time in chansel n-

1 we see two peaks E Allsnaatioo Welgiies.  Welohied
again. The chrominance 0 ngz :%a‘n _‘”g - nil -
peak is higher than the 078 3800 Tiea Pam
peak at about 2,25 MHz :_’2: :’a.g "‘157 g8 ﬁ :
because there is 4 mach Py 3n.18 Y
greatar noise power den- 76 4008 iﬁ :: 4108 =
sity at the subcarrier fre- g 4235 4848
quency (which is oaly in pr ShEE hem
1.17 MHz fiom whe DTV ﬁ :;.: -15.“1;7% ﬁg
channel edge). 600 $0.00

The valoe of this plot

is to show the frequen-

cics al which the side-
band splatter needs to be
reduced. Clearly, the
noise peak at the color

Table > Weighted Sigaal-To-Noise it 1) ¥/ M"

Assumed NTSC ERP 37 dBK
Assumed DTY EAP 25 dBK {as® dox))

subcarrier, 4.83 MHz | DIV Power Per 500 KH2:

from the DTV channel Sl

boundary, conld be read- | DIV Power +147 dBK

ily alteanated with g fi-

ter at the output of the | Fg Wid, Atten. W Power wid, '
ransmiter. However the | (M) B (Tubla 2} (d|K) W
penk [.17 MHz from the | p08 62AS 4"’? :gg};
other DTV chasnel o8 4781 -32.8

boundary is a much }"7:“"" :ﬂ :g.",: ::g::g

e
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Ca'"cu"ating Weighted Noise

in terms of visually perecived noise. This s
huminance moise, Noise near the color sub-
carricr is demodulated to very low video
frequencies (below 500 kHz), for which the

ast moath, we left you hanging. won-
dering how one does weighied noise
measurements. Your wail is now
over. We will perform a sample calculation

Digital TV_

by Charies W. Rbodes @

power density ot cach frequency. This is
given in Table 2.

The weighted naise power vs, frequency
in both adjacewt chavnels is plotted i Fig.
— 2. As you gee, therc is more weight-

The weighting factors (in dB) and these

rFigure 1 ed power in o+ than o-1. Looking
Wh Yok e s | MW in channel n+l, this plot clearly
oo B, Om  Lna “h W R= 2% | shows that there are two dominant
peaks in the weighted spectral xwwer
R density, one at 2,25 MHx und the
Sl uther al the NTSC color subcartier.
400 & : The first peak is approximately 1
s H MHz above the visual carrier fre-
quency becauss the visual carrier fre-
R oG K quency is nominally 6 dB down on
ool M : the IF selectivity curve. Signaks at 1
204 . S MHz above the visual camier fre-
o Vs i quency are given 6 dB more gain in
h the TP auphificr of NTSC receivers.
0l T At a baseband frequency of |
g Y e MHz, the noise weighting is ail, 5o
e aae i oW soille this is the most sensitive [Tequency
of the weighted nolse power in the uppor Tablo 1: mfm“‘;‘ﬁ“mu '
adjacent channel hased upon experitnental
results of the ATTC. Fig. 1 shows the spec- f?u_gl m'g‘%ﬂim
. uf un experinental setap al the ATTC cim- ?g :g
pared with the RF mask {splatter lisnit pro- 175 3227
posed in May 1995 by the FCC). 22§ 3816
A3 you see, the actuat spectral power zn e
density and the RF mask correspond quite 378 “7r
well. ‘The two curves digress ot very low- :g: bt
noise power levels probably because the 5.41 65.3%
noise floor of the spectrum analyzer was 6.00 60.00
Inppaen e o 20 0B of spual suenam. | Foz i TR
appened, & sig attenua- - AHz. Thaso wro cal
tion not been switched un. Table 1 gives e e e per Adjcant
the attenvation vs. {requency for the ‘
posed RE mast. YRTEEE ) Dt st o
Visibiity, and leam which Bw w
£aciops wers (harnby deterwined TH

weighting factor is nil. This acconnis for
the second peak at the subcarrier. This

nuise is chroma noise.

PEAK TO PEAK

Looking aguin at Fig.
2, thix time in channel n-
i we see¢ two peaks
again. “The chroninunce
peak is higher than the
peak st about 2.25 MHz
because there is a nwch
greater noise power den-
sity at the subcarricr fre-
quency (which is only
1.17 MHz from 1he DTV
chaanel edpe).

The vakie of this plot
is to show the (requen-
cics at which the side-
band splatter needs (o be
reguced. Clearly, the
noise peak at the color
subcarrier, 4.33 MHz
from the DTV channel
boundary, could be 1ead-
ity attenuated with a fil-
ter a1 the output of the
tmosmitter. However the
peak 1.17 Milz from the
other DTV channel
boundary is a much
greater problem for the
design and construction
of a suitable filter.

The peak m 2,25
MHz from the DTV
channel is almost as dif-
ficult. Any filter at the
transmitter output shoukd
introduce very linle
group delay within the
DTV chaanel, which is
an important considera-

power i 10 Lag 0.5/ 538 = - 10.3dB.

Therefore in S00 kHz the ERP is +14.7
dBk. Now from Table 2 we gl the weight-
ing factor for each 500 kHz portion of the
NTSC channel and apply that weighting to
the power pur 500 kHz that the RIT Mask
would permit in that channel, This is car-
ried out in Table 3.

The weighted Power in dBk at each
frequency must be numerically integrated,
which casnot be donc with lgarithmic

Takle 2 Weighied Nolse vapmuo.mnﬁn. Froquency in the
pased RF Maek

Upper Adjacend Chanael for Pro
E Atonustion Walghting Waighted
0 NiHz 95.00 08 ind i

0.23 3504 -27424d8 5 dB
8.76 5.06 -12.65dB 81 4B
1.25 36.00 -276 4B &
.75 k&1 =152 jtﬂ [
223 2018 000 48 16 dB
ars 40.25 -0 d ~41.08 4B
325 42.98 411 dB -44.46 48
375 ar 301 d8 5308 d8
4.26 47.54 -12.15d48 -S89 48
489 $1.20 37748 -§8.97dB
.41 86.33 -14.37 49 -08.70 48
§.80 50.00

Table 3: Weigited Signal-To-Noise Iwieft 27/ Beanf®,
Assumed NTSC ERP 37 dBK

Assumed DTV ERP 25 dBX (soe 10x0}
DTV Power Per 500 KHE:
-10.398

DTV Powwr +#4.7dBK

Freq. Wad. Attm. Wid. Power Wid. Power

] 4B (Table 3) {48 kW
8.28 82.46 -47.T¢ §.008 917
475 2.6 -32.91 6.908 312
1.35 (Fv) 30.05 2415 9.508 958
175 £ 1] 3414 £.003 955
226 3816 238 0.004 §o8
a3 4198 -26.98 6.008 Wt
335 46496 -7 0.008 967
s 5388 2498 6.000 120
425 80.00 -44.9¢ S.008 9%2
4.83 (Fes) 5647 —42.97 $.008 830
541 6% 5300 §.008 803
Total Weighted Noise Power in (N + 1) 0.015 828 kW

-17.85 @BK

Pask NTSC Visun! Power 37.0 4BK

Yotal Weighted Nolse Powes ~17.08 d4BK
Signal-to-Walghted Moiss (N + 1) 5498 db
Thisshold of Wsibifly, Welghiod
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density and the RF mask comespond quite
well. Toe (wo vinves digiess ai vay fow-
noise power levels prohably because the
noise floor of the speetrum analyzer was

heing approached. This would not bave |y 1y
happeaed, bad the 20 dB of signal attenus-
tion not beea swikched on. Table 1 gives
the attenvation vs. frequency for the pro-

posed RE mask. j 3

The weighting factors {in dB) and these {
spectral power density values (slso in dB)
are added to obtain the wughoed spectral

375 44.77

225 Erg

483 §1.%

541 85338

6.00 60.00
Fv = 1.25 MHz, Fag = 4,83 Nz snd
Fa = 575 MHz These a8 the NTSC caw-

er kequencies 11 the thpes Adiacent
Chsnnel.

The irequoncies Solsciod e thogs for
which ATTG rmgosemed Thrashuid of
Wisiblity. and froum which Bie

Faoktrs were humby debsrmined. This

wag giscussed in lhis coluw: Janwary Sth
issee, page 36.

T

Or Your Looal PForecast Distribugor

of a suitable filter, i s1é -39 0,080 126
Tac peak a 2,25 § % i op et

MHa fion the DTV i P Suc 0000008

channed is almost as dif- -

ficult. Any Filter at the Tolsl Waigined Nolse Power in (N « 1) _‘mg("*

transmitter owtput should Posk S

introduce very little "'.’ sc‘ ‘ |'wd P ""'",m, 1738 dBK

group defay within the Tt Hoes o

DTV chanacl, which is Signal-to-Weighted Holsa (H « 1) 54.9. a8

an important considera- | Thpaghotd of Vialblity, Weigiriad

tion. Therefore, the | Noissin an NYSC channel 573d8 .

peaks at 117 and 2,25 | Molae Margis 4+ 1) - 230 Qo

MHz fyom the chasnel
boundary are the more difficult problems
for filvor designers.

Giroup deday — not attenustion — is the
crucial problem in both cases. Fortanately,
the pewer dissipated in this DTV filter is
constant, so the thermal atability of this fil-
ter shonld not be a problem.

Tablke 2 also provides the data needed to
determine whether the FCC-propossd RP
mask woueld be appropriate to ensure that
D'V interference from the lower adjacent
channel would not be visible on NTSC
screens.

To camry out the needed calculation, we
must first convert all the weighted noise
posvers from dB (logasithmic onits) to linear
units 50 they can be mamerically integrated.
Then the integral Is converted back 10 dB.

Pethaps the best way (o understand how
this calcalation is handled is to follow this

units of power (dRk); so each is converted
L Xilowatts as shown. Theye powers are
added to inegrate all noise powers in the
NTSC channel. In Table 3 the sum is
0.015926 kW, or - 17.98 dBKk,

Now the bottom line is In sight. The
total welghted noise power js - 17.98 dBk,
whils the peak visual power of the (NTSC)
signal is + 37 dBX; 3o the weigied signol-
lo-twrise power ratio is 54.98 dB, or 2.3 4B
above the threshold of visibility of weight-
ed noise, This proves that noise would be
{slightly) visible when the sideband splatter
is the maximum permittcd ander the pro-
posed RF mask.

GO0D NEWS, BAD NEWS

If there is good news, it is that when this
compuiation is applied to the NTSC chae-
nel below the DTV channel, the total

Ingic referving to Table 3. weighted noise is at the threshold of visibil-
Assume the effective radinted power of the iy, but not above it
NTSC signal to be protected is 5 MW, or 37 But the really bad news is that the path

dBk (dB above a kilowatt). Assume Frther
that the average ERP for the DTV sigmal is 12
dR fess, which would provide equal cowerage
(asvaming both sigrals ar radisted from the
same height above pverage terrain, HAAT.
So the digitsal signal has an BRP of 25
dBk. 1ts spectial power density is constant
across its chanmel tor 5.38 MHz. Thercfun:,
in a 500 kHz portion of its channet, the

loss foam the awer (0 the home is gencrally
not the same for bath signals, especially
when the HAAT differ. The DTV anteana

may have 1o be below the top of the tower.
§§ the path loss is greater for the DTV
signa! than for the NTSC sigaal, noise
wouki not appear on NTSC screens. But &
some lacations the reverse nay be the case
(Sas Melse Margloe, page 34}
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‘ase, Let me exphain,

FCC F [SO/50) Charts: The most com-
nnaly used method for predictiog TV sta-
ion coverage s based on a set of charts in
he FCC Rules and Regulations — specifi-
alty 73.699, Figures 9 and 10. What many
1ontechwical TV people do eot realize is
hat these charts do not state (hat the signal
1 & certain atstance wili be a certain levei.

Instead, according 1o the Rules, “If the
i} percent field streagth is defined as thas
ralue exceeded for 50 percent of the time,
hese F (SO/50) charts give the estimated
i0 percent field strengths exceeded at 50
sercent of the bocations ... .7

In other words, only half the locations,
salf the time, may receive a signal lovel
:qual or greater than that predicted by the
:overage map. $So, under the best of cir-
:umstances, the caverage maps are an
ipproximation of real world coverage.

The FCC wams users of the charts that
‘under actual conditions, the fue coveruge
nay vary greaily from these estimates
wczuse the temain over any specific path
s expecied 1o be different from the aver-
1ge terrain on which the ficld strength
shasts were based,”

The gyt setermine coverage in a spe-
:ific digaction based on effective radiated
yower fromdhe aeana in that dirsction and
be height of the transmwisting abowe avemge
ervain in that direction. Height above aver-
1ge demruin is calculated by averaging the
tkevation between two and 10 miles (3.2 and
16,1 ki) from the transmitter site.

This means 3 large mountein obstruc-
ion 11 miles from the ransmitter would
wt be considered in predicting coverage,
:ven though it could have a significant
.mpact on real-world coverage. Another
waming applies to UNP stations:

73.683(b) It showld be realized that ihe
F {SO/50) carves when used for Chanwnels
14-59 are nrot based on ntecxnred date ot
Histances beyond about 43.3 Lilometers
‘30 miles). Theory would indicate that me
field strengths for Chonrels 14-69 shouid
decrease more ropidly witk distance
beyond the horizom thar for Channels 2-6.
2rd wmodificarion of the curves for

ESNTIRULE FXUM TRVE 34

due 1o pattern. differences. The DTV sig-
nal received may be less than 12 dB
below the NTSC sigmal, in which case
noise would be visible (and it could

becuIné Yuire visiiic).

So now you know how to take the
spectrum plots of the DTV transmitters,
and from them, calculate the weigied
fotal noive power in the adjacent chanacl
1o determiné how much noise margin
you would have ar would not have.
Recall that in the example of the pro-
posed RF mask, the noise margin was

negative by 2.3 dB.

Table 3 Is valuable in shuwing the
effect of filtering the DTV tronsmitter
ouiput power. The big contributors 1o the
total weighted noist power are 125, 1.75
and 2,25 MHz. Remove all nnixe above
2.5 MHz and the totel weighted noise

power drops anly 1 dB.

IF the fiker also removes noise below
2.0 MHz, the gain is 2.9 4B, while if the
filter reruoves all noise above 1.5 MHz
the gain would be 5.6 dB (but such a fil-
ter may nol be practical either in terms of
its first cost or is group eavelope delay,

SRS PR TUA DY SV

259 3K (se0 text)

Assumed DTV ERP
DTV Power Per 500 KHZ:
-103 48
whichk reduces DTV | PW Power +4T dBK
coverage because of [ -
increased intersymbol | Fisg. Atten. Wid. Atlen. Wid Power Wid. Powvor
Interference within the | 40 a
savwves DTV sigacly, | &% aﬁ ‘;‘"f‘; mfa “s‘:.-; -
M tlie range of -
[k, ] sty 5343 B L 2000 134
e S8 3 3 i
ing the transmilter :
outpat is 3 to 6 dB, %21: :‘: ﬂ YT :::g
then somne seduction jn| &2 e -A1A3 9278 Mﬁ
the unfiltered side- | - 7% -7 - f"‘“ $.000
LAT(Fsg) 3508 4172 2782 OOS1 908
band splakter may also| ose 3524 4981 <91 $.000 333
be neceswary. n theo- [ '

: Y] - 102 kW
1y, & 2 dB back-off in Toial Weighted Molss Power In (M - 1} _atm“
Lyl ‘:"""" ’:”"” Poak HTSC Vimial Powar 7.0deK

esult in a 4 dB{ yousl weighted Neles Power 22,00 dBK
decrease in sideband

splitter. In cases Sipnai-to-Walghtad Nolse f + 1) 580048

where this does eol nm:u-.l' ::cb:hu.v:'mm s

occur, } suspect the ‘*III b n

sideband  splatter et 58 e
didn"t (all off per the-

backed off.

ory because it was generated in the dri
ver — not the HPA that was being

Table 4 gives the calculation of
weighted noise power in the lower

" Low Channel

M RF Miask
I Welghtet! Noiss

DTV Chammel Upper Chiannel

Figure 2
& -10
z
2 =20
§ 30
5 40
g -50
-60
$
20
o.
-80
0
0

1 23 45 BE 7 B 9 101112 13 14 15 16 17 18

Frequency {(MHz)

atjaceni channel for the proposed RF
mask. I this case there is a small noise
margin, of + 1.8 dB. so the filtering
requirements to protect n-1 are less
scvere than peeded to protect ntl by 4
dB. This can be seen in Fig. 2,

In this issue, we have shown how
weighted noise power mcusurcmcals cam
be made with a spectrum analyzer and
haidheld calculator. We have suggested
that this be done where the DTV channel
is adjacemt 10 an NTSC chanael, espe-
cially in the same city; but il ix glso well-
worth doing when the NTSC qnd DTV
coverage aress overkp. B

Charles Rhodes recenily completed
his tenure as chief scientist for the
ATTC, a position he held since 1988, His
carcer includes work for Philips
Laboraiories, Scientifiv-Ailguta and
Tekironix. In addition, he is a SHPTE
and IEEE fellow, and was awqrded the
David Samoff Gold Medal by SMPTE.
He con be reached c/o TV Techpalogy.
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Impairment / Interference Tests

Page X1 -39

CO-CHANNEL INTERFERENCE (ATV-10-NTSC)
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FIGURE 13. Mean impatrment ra for Co-Channel Interference tests for the digital
Grand Alliance HDTV System,

TABLE 19
CO-CHANNEL INTERFERENCE (ATV-to-NTSC)
PARAMETERS
401BVEL 30LEVEL
DESIRED LEVEL PICTURE FOR SPECTRUM PLANNING
MEAN CONFIDENCE MEAN CONFIDENCE
RATING INTERVAL RATING INTERYAL
G. w. TOYS (509) 96.61 tl;.l‘- 90,00 al 20 AIﬁ

SIONAL CO-CHANNEL, (M}4) 96.59 £1.54 -89.52 £1.43
-55 dBm W, w. ROSES (S11) 94.61 £1.40 -28.8¢ 0.9
(WBAK) OVERALL 9594 4150 5944 alin




